Abstract. The problem of the equilibrium shape and departure C size of two-dimensional dropwise condensation drops on a verti-E cal surface, presented in an earlier work, is extended to include F advancing contact angles to 180 ~ The equation of the surface of f the drop is obtained by minimizing (for a given volume) the total g energy of the drop, consisting of surface and gravitational energy, K using the techniques of variational calculus. The solution is L tractable once the advancing contact angle is known, and is taken P, Q as an approximation to the axial meridian profile of a three-U dimensional drop. The receding contact angle is obtained as part V of the solution,
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Introduction
This is an extension of the work presented in [1] , in Which the general profile of a two-dimensional drop on a vertical surface was computed, with the departure profile and size being obtained as a special limit. The two-dimensional profiles were taken to be approximations to the mid-plane profiles of drops, and good comparisons between computed departure sizes and measurements made at earth and high gravity fields simulated by centrifugal acceleration. The equilibrium profile, including the receding contact angle, is determined as a function of drop size and For purposes of clarity and convenience, the pattern of development paralleling that of [1] will be followed here, modified as necessary to incorporate the extension to larger advancing contact angles. Using the coordinate system for the two-dimensional cylindrical drop shown in Fig The total energy of the drop is due to: (a) the work of adhesion between the liquid drop and surrounding vapor, given by:
(1)
In the last term of Eq. (1), \ dx]--0 within the integration limit.
(b) The work of adhesion between the drop and the solid surface:
-L (c) Gravitational potential energy: The volume of the drop is:
In Eqs. (3) and (4), Y2 (x) = 0 over the limit 0 to -L. All quantities are on a per unit width basis. For generality, the variables will be made dimensionless using el, for surface energies and (alv/Qg) 1/2 for lengths, as:
In these terms, the total energy and volume per unit width of the drop, converted to common integration limits, are given by: ~f ~y dx d (~yf') =0"
To satisfy the constraint of constant volume given by Eq. (7), the undetermined Lagrangian multiplier 2 is introduced to produce a new functional:
f(x, Yl, Y2, Y~, Yl) =f(x, y~, Y2, Y~, Yl) + 2 (Yl -Y2). (10) Substituting from Eq. (6) this becomes:
The problem now is to find the extremum of:
The two Euler equations to be satisfied now are:
Substituting Eq. (11) in Eqs. (14a) and (14b), the governing equations for the interface profiles are obtained:
Integrating Eqs. (15) and rearranging: 
K1(0)r q d~
Yl (18a)
where K1 (0) = K1 (x = 0) and K2 (-L) = K2 (x = -L). The integrals of Eq. (18) are expressed in terms of elliptic integrals as: Thus, at x = 0, C1 and C2 are expressed in terms of 2, from Eq. (21), as:
In the prior work [1] it was demonstrated that in satisfying the transversality condition associated with the variable lower end point, Young's equation was automatically satisfied by the solution provided that the surface energies contained therein are taken to be for the advancing condition. The transversality condition can no longer be applied at the advancing end of the drop since the first derivative off2(x) at this location is not continuous. Young's equation is no longer satisfied here under any circumstance, and it will simply be taken that the advancing contact angle OA is known "a priori". The conditions which remain to be satisfied can now be expressed. Yl = 0 at x = 0 and Y2 = 0 at x =-L are automatically satisfied by Eq. (19a) and (19b) , respectively. At x=-Lu, yi=-y~= oe. From Eq. (16) and (17) at x = -LM:
Fory~ (-LM)=y~(--LM)= ~ one obtains:
Given OA, Eqs. (22b) and (25b) provide a relationship between 2, L, and L M. L can be considered arbitrary thus far since it is related to the size of the drop, and Eq. (22b) and (25b) relate 2 and L M. The additional relationship needed comes from Eq. (19) with the requirement that:
y~ (-LM) = Y2 (-LM).
Given OA, from Eq. (23 b)
and Eqs. (26) and (27) can be solved for 2 and LM as a function of L, which must be specified. Once 2 is known, OR can be solved from Eq. (22). The limits on the solutions of Eq. (18) given by Eq. (19) are formally stated respectively as [3] :
The present solution is thus valid over the range 0-_< 0A_-< re.
As was demonstrated in [1] , the solution limits of Eq. (19) giving real solutions to the elliptic integrals are taken as giving the departure size and profile on vertical surfaces, or Cl=-l; C2=1; P=I; Q=I.
At departure, from Eqs. (25):
The elliptic integrals in Eq. (19) reduce to:
F(qS, 1) = In V 1 + sin q5 (31) 1 -sin q5 E(qS, 1) = sin ~b.
Making the substitutions for 4) from Eq. (20) and K (x) from Eq. (17), the profile at departure, from Eq. (19), becomes:
Yld=_ 89 ]
[ (1 +x+ 
Sample computations
Computations of the drop profiles for 0A = 135 ~ and for three different values of L are shown plotted in Fig. 2 . The corresponding computed values of the receding contact angles are given. The largest value of L shown is that of the departure size La. Using a force balance between gravity and surface tension given by Eq. (43) of [1] , the agreement for the departure size of Fig. 2 with the computed OR and profile is to six significant figures, using Simpson's Rule with 3200 slices to compute the cross sectional area. The dimensionless maximum drop length L~td, the drop length in contact with the wall L} and the receding contact angle 0Re at departure are plotted in Fig. 3 as a function of the advancing contact angle 0a over the range 0-180 ~ It might be noted hat L~te and L} are identical over the range 0-90 ~ and together with 0Re are identical to the results given in [1] .
Setting 0A = 180 ~ gives: It can be demonstrated that the departure profile for an advancing contact angle of 180 ~ plotted in Fig. 4 includes the profiles for all advancing contact angles provided the origin for y* is shifted by y~, where the slope is that corresponding to the given advancing contact angle. The relative coordinate to be used is then y*. The origin for x* is shifted by x~ as shown, where the receding contact angle is the slope at this point. The relative coordinate to * and the new lengths L~ and L~ta are as be used is now x r, indicated.
It can further be demonstrated that Yla and Yzd are always symmetrical about the plane passing through the lowest point at y = 0.532840. Of course, this can also be intuited from hydrostatic conditions in conjunction with satisfying the general Laplace equation of capillarity:
(11) AP=crtv R--T + R2 "
Conclusions
The two-dimensional drop form and departure size with dropwise condensation on a vertical surface, computed by variational methods, has been generalized to include advancing contact angles to 180 ~ , and appears to be in reasonable agreement with measurements of drop departure sizes made under various effective gravitational levels, 1 <-a/g <-100 [1] . Non-dimensional results are obtained in a simple form, requiring only the specification of the advancing contact angle. The receding contact angle is obtained as part of the solution.
